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VEHICLE CONTROL APPARATUS 



BACKGROUND OF THE INVENTION 

The present invention relates to a radar 
apparatus for detecting an object on the periphery of a 
vehicle and a vehicle control apparatus for operating 
two or more traveling control apparatuses or alarm 
control apparatuses by means of the radar apparatus and 
stopping operation of traveling control or alarm 
control when detection performance of the radar 
apparatus is deteriorated. 

Heretofore, in order to perform traveling 
control or alarm control of a vehicle, position 
information of a target detected by a radar apparatus 
mounted in a vehicle or relative speed information 
between the target and the vehicle is used. In such 
control, when detection performance of the radar 
apparatus is reduced due to a heavy rain or dirt 
attached to the surface of the radar apparatus, the 
traveling control or the alarm control cannot be 
performed in safety and accordingly avoidance measures 
for stopping all the controls are adopted. 

On the other hand, U.S. Patent No. 5,530,651 
discloses a traveling safety device which changes a 
control logic so that traveling can be made in safety 
within the range that a radar apparatus can make 
detection when detection performance of the radar 



apparatus is reduced. 

In the conventional method of stopping of all 
the controls, however, when the radar apparatus detects 
an obstruction short distance away, the traveling 
control or the alarm control cannot be performed and 
accordingly it is not desirable in safety. 

Further, in the method of changing the 
control logic, a control range for a distance at which 
control is started is changed in accordance with 
detection performance of the radar apparatus and 
accordingly when judgment accuracy of detection 
performance deteriorates or when a strong reflection 
signal from a large obstruction is received, the 
obstruction is sometimes detected far from the maximum 
detecting distance of the detection performance of the 
radar apparatus. In such a case, alarm cannot be 
produced. 

Other objects, features and advantages of the 
invention will become apparent from the following 
description of the embodiments of the invention taken 
in conjunction with the accompanying drawings. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to 
provide a vehicle control apparatus having high safety 
by stopping various traveling control apparatuses in 
accordance with detection performance of the radar 
apparatus individually so that obstruction information 



detected can be utilized at the maximum regardless of 
the detection performance of the radar apparatus. 

It is a further object of the present 
invention to enhance the safety of the system by 
notifying an operation stopped state of vehicle control 
or alarm control to a driver. 

It is a further object of the present 
invention to automatically detect detection performance 
of obstruction detection means by means of an RCS value 
of a detected moving body. 

It is a further object of the present 
invention to automatically detect detection performance 
of a radar apparatus by means of a maximum detection 
distance of a detected moving body or stationary 
obj ect . 

It is a further object of the present 
invention to allow each external control apparatus to 
judge stop of operation by outputting a detection 
performance level of a radar apparatus of a vehicle 
outside . 

The above object can be achieved by the 
provision of obstruction detection means for measuring 
a headway distance until an obstruction existing in 
front of a vehicle by means of a radar apparatus, means 
for performing vehicle control or alarm control on the 
basis of the headway distance, means for detecting 
detection performance of the obstruction detection 
means in a vehicle in which the obstruction detection 



means is used to perform two or more controls 
containing the vehicle control or alarm control, and 
means for controlling to stop operation of the vehicle 
control or alarm control in accordance with the 
detection performance individually. 

Further, the present invention comprises 
means for notifying an operation stopped state of 
vehicle control or alarm control to a driver. 

Further, the present invention comprises 
obstruction detection means for detecting an 
obstruction existing in front of the vehicle by means 
of the radar apparatus, means for acquiring a speed of 
the vehicle, means for identifying a moving body from 
the obstruction on the basis of the speed, means of 
calculating an RCS value of the moving body, 
statistical processing means for calculating an average 
or dispersion of the RCS value, and means for detecting 
detection performance of the obstruction detection 
means on the basis of a result of said statistical 
processing. 

Further, the present invention comprises 
obstruction detection means for detecting an 
obstruction existing in front of the vehicle by means 
of the radar apparatus, means for acquiring a distance 
at which an obstruction begins to be detected or a 
distance at which an obstruction begins to be missed, 
and means for detecting detection performance of the 
obstruction detection means on the basis of the 



distance at which the obstruction begins to be detected 
or the distance at which the obstruction begins to be 
missed. 

Further, the present invention comprises 
obstruction detection means for measuring a headway 
distance until an obstruction existing in front of the 
vehicle or a relative speed to the obstruction, means 
for classifying detection performance of the 
obstruction detection means into a plurality of levels, 
and means for outputting the level outside. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram schematically 
illustrating a vehicle control apparatus of the present 
invention; 

Fig. 2 shows an operation table of various 
control apparatuses; 

Fig. 3 is a diagram showing distribution of 
calculated RCS values; 

Fig. 4 shows a table representing 
correspondence between calculated RCS values and 
detection performance levels; 

Fig. 5 is a flow chart (first half) showing 
vehicle control of the present invention; 

Fig. 6 is a flow chart (second half) showing 
vehicle control of the present invention; 

Fig. 7 is a block diagram explaining a method 
of calculating a maximum detection distance; 



Fig. 8 is a block diagram explaining that a 
detection performance level is outputted outside; 

Fig. 9 is a flow chart showing processing for 
calculating a maximum detection distance; and 

Fig. 10 is a block diagram for explaining 
various control contents. 

DESCRIPTION OF THE EMBODIMENTS 

Embodiments of the present invention are now 
described with reference to the accompanying drawings. 
Fig. 1 is a block diagram schematically illustrating a 
vehicle control apparatus according to an embodiment of 
the present invention. In the embodiment, a 
millimeter-wave radar is used as an obstruction 
detection unit 1 for detecting an obstruction. The 
obstruction detection unit produces information 
concerning a headway distance between a detected 
obstruction and a vehicle, a relative speed 
therebetween, a radar cross section (RCS) value and the 
like. The RCS value is described later. The 
information concerning the headway distance and the 
relative speed is supplied to an adaptive cruise 
control (ACC) unit 5, a tracking-upon-congestion 
control unit 6, a headway distance alarm unit 7, a 
collision reduction control unit 8 to thereby perform 
various control operations. 

On the other hand, a moving body 
identification unit 10 uses a speed value detected by a 



speed detection unit 9 to judge whether a detected 
obstruction is a moving body or not. The speed 
detection unit 9 uses the following equation (1) as a 
judgment equation thereof and judges that the 
obstruction satisfying the equation (1) is a moving 
body. The left side of the equation (1} represents a 
moving speed of the obstruction and Vc represents a 
predetermined speed threshold. 

I Relative Speed + Vehicle Speed | > Vc 

The RCS value of the obstruction judged as a 
moving body is processed in a detection performance 
level judgment unit 2 to thereby calculate three 
detection performance levels (0 to 2) in accordance 
with detection performance of the obstruction detection 
unit 1. A stop-of-operation judgment unit 4 uses the 
calculated detection performance level to control to 
stop operation of the ACC control unit 5, the tracking- 
upon-congestion control unit 6, the headway distance 
alarm unit 7 and the collision reduction control unit 8 
individually. 

Further, when detection performance of the 
obstruction detection unit 1 is reduced or there is any 
control unit which fails to operate, a control state 
notification unit 3 notifies that effect to the driver 
by means of sound or light. 

Control contents of the ACC control unit 5, 
the tracking-upon-congestion control unit 6, the 



headway distance alarm unit 7 and the collision 
reduction control unit 8 are described with reference 
to Fig. 10. Fig. 10 is a block diagram explaining the 
control contents. Portion shown by broken line in Fig. 
1 is described. 

The ACC control unit 5 is first described. 
The ACC control unit 5 includes, as shown in Fig. 10, 
the obstruction detection unit 1, a vehicle information 
detection unit 14, an ACC target vehicle detection unit 
16, a control changing-over unit 20, a target speed 
calculation unit 21, a set speed acquisition unit 22, a 
traveling control unit 23, an automatic transmission 
control unit 25, a throttle control unit 26 and a brake 
control unit 27. 

First, the obstruction detection unit 1 
detects an obstruction existing on the periphery of the 
vehicle (a host vehicle) and calculates obstruction 
detection information containing a headway distance 
between the obstruction and the host vehicle, a 
relative speed (moving speed) and an azimuth angle. On 
the other hand, the vehicle information detection unit 
14 acquires information containing a vehicle speed, a 
brake, an angular speed and a transmission gear ratio 
of the automatic transmission. 

The ACC target vehicle detection unit 16 
calculates a moving speed of the obstruction on the 
basis of the speed of the host vehicle and its relative 
speed to the obstruction and determines that the 
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nearest moving object running on the same lane of the 
host vehicle is a preceding vehicle as a target for the 
ACC of the host vehicle on the basis of obstruction 
detection information. It may be defined that when the 
5 moving speed of the obstruction is higher than or equal 
to a predetermined value (for example, 15 percents of 
the speed of host vehicle) , it is determined that the 
obstruction is a moving body, 
j^* The control changing-over unit 20 changes 

=«: 10 over the ACC control unit and the tracking-upon- 

W congestion control unit and sends information 

41 

^4 concerning the detected preceding vehicle followed by 

W 

* the host vehicle having ACC to the target speed 

O 

ill calculation unit 21 as a target object in order to 

%f 15 perform ACC control when the vehicle speed value is 

CI 

111 higher than or equal to a predetermined value (for 

example, 4 0 km/h) . 

The target speed calculation unit 21 
calculates a target speed of host vehicle on the basis 

2 0 of the received information concerning the object whose 
headway distance is to be controlled and the vehicle 
speed. Further, the set speed acquisition unit 22 
acquires a speed value set by the driver and supplies 
the set speed value together with the calculated target 

25 speed value to the traveling control unit 23. The 
traveling control unit 23 prepares an automatic 
transmission control signal, a throttle control signal 
and a brake control signal so that the actual vehicle 



speed is equal to the target speed and controls the 
automatic transmission control unit 25 for shifting the 
transmission, the throttle control unit 2 6 for opening 
and closing the throttle, and the brake control unit 27 
for turning on and off the brake. However, when the 
target speed exceeds the set speed, the target speed 
value is replaced with the set speed value so that the 
set speed value becomes the target speed value. 

The tracking-upon-congestion control unit 6 
is now described. The tracking-upon-congestion control 
unit 6 includes, as shown in Fig. 10, the obstruction 
detection unit 1 (for example, a radar device), the 
vehicle information detection unit 14, an object-to-be 
tracked-upon-congestion detection unit 17, the control 
changing-over unit 20, the target speed calculation 
unit 21, the set speed acquisition unit 22, the 
traveling control unit 23, the automatic transmission 
control unit 25, the throttle control unit 2 6 and the 
brake control unit 27. 

First, the obstruction detection unit 1 
detects an obstruction existing on the periphery of the 
vehicle and calculates obstruction detection 
information containing a headway distance, a relative 
speed (moving speed) and an azimuth angle. On the 
other hand, the vehicle information detection unit 14 
acquires information containing a vehicle speed, 
braking operation, an angular speed and a gear ratio of 
the automatic transmission. 



The obj ect-to-be-tracked-upon-congestion 
detection unit 17 detects an obstruction nearest to 
host vehicle within the lane in which host vehicle 
travels as an object to be tracked upon congestion. 
The control changing-over unit 2 0 changes over the ACC 
control unit and the tracking-upon-congestion control 
unit and supplies information concerning the detected 
object-to-be-tracked-upon-congestion to the target 
speed calculation unit 21 as a target object in order 
to make control by the tracking-upon-congestion control 
unit when the speed of the vehicle is smaller than a 
predetermined value (for example 4 0 km/h) . 

Description subsequent to the target speed 
calculation unit 21 is the same as the foregoing 
paragraph . 

The headway distance alarm unit 7 is now 
described. The headway distance alarm unit 7 includes, 
as shown in Fig. 10, the obstruction detection unit 1, 
the vehicle information detection unit 14, an object- 
of-alarm detection unit 18, a headway distance alarm 
control unit 24 and an alarm unit 28. 

First, the obstruction detection unit 1 
detects an obstruction existing on the periphery of the 
vehicle and calculates obstruction detection 
information containing a headway distance, a relative 
speed (moving speed) and an azimuth angle. 

On the other hand, the vehicle information 
detection unit 14 acquires information containing a 



vehicle speed, a brake, an angular speed and a gear 
ratio of the automatic transmission. 

The obj ect-of-alarm detection unit 18 
calculates a time taken until host vehicle collides 
with each of all the detected obstructions on the basis 
of the relative speed and the vehicle speed thereof and 
detects the obstruction having a minimum time as an 
object of alarm. However, when there is no possibility 
that host vehicle collides with each of all the 
obstructions, the obj ect-of-alarm detection unit 18 
regards the obstruction nearest to host vehicle on the 
lane in which host vehicle travels as an object of 
alarm. 

The headway distance alarm control unit 24 
judges whether an alarm is produced or not on the basis 
of the object of alarm. When the headway distance 
between the object of alarm and host vehicle is shorter 
than or equal to a predetermined value (changed in 
accordance with the vehicle speed and the relative 
speed) , the control unit 24 produces an alarm control 
signal to cause the alarm unit 2 8 to warn the driver by 
means of light or sound. 

The collision reduction control unit 8 is now 
described. The collision reduction control unit 8 
includes, as shown in Fig. 10, the obstruction 
detection unit 1, the vehicle information detection 
unit 14, an obj ect-of-collision detection unit 15, a 
collision judgment unit 19, the traveling control unit 
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23, the automatic transmission control unit 25, the 
throttle control unit 26, the brake control unit 27 and 
the alarm unit 28. 

First, the obstruction detection unit 1 
detects an obstruction existing on the periphery of the 
vehicle and calculates obstruction detection 
information containing a headway distance, a relative 
speed (moving speed) and an azimuth angle. On the 
other hand, the vehicle information detection unit 14 
acquires information containing a vehicle speed, a 
brake, an angular speed and a transmission gear ratio 
of the automatic transmission. 

When the speed of host vehicle is higher than 
or equal to a predetermined value (for example 30 km/h) 
and an obstruction is detected within the headway 
distance shorter than or equal to a predetermined value 
(for example 3 m) , the obj ect-of-collision detection 
unit 15 detects the obstruction as the object of 
collision. 

The collision judgment unit 19 calculates a 
hazardous degree for the object of collision. In the 
embodiment, the relative speed is used as the degree of 
hazardous. When the relative speed (a negative value 
represents an approach direction) for the object of 
collision is smaller than or equal to a predetermined 
value (for example -30 km/h), the collision judgment 
unit 19 judges that host vehicle is in a high-risk 
situation and produces an emergency speed reduction 
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signal . 

When the traveling control unit 23 receives 
the emergency speed reduction signal, the traveling 
control unit 23 produces an alarm control signal to 
5 cause the alarm unit 2 8 to warn the driver by means of 
light or sound and controls the automatic transmission 
control unit 25, the throttle control unit 2 6 and the 
brake control unit 27 to reduce the speed rapidly. 

Referring now to Fig. 2, control contents of 

O 

O 10 the stop-of-operation judgment unit 4 are described. 

ill 

frf Generally, the detection performance levels 0 to 2 are 

:P 

'%% equivalent to the maximum detection distance of the 

UJ 

* obstruction detection unit 1 classified into three 

CI 

111 levels. In the embodiment, the detection performance 

III 

%i 15 level of 2 indicates that the maximum detection 

13 

HI distance is usual (e.g. 120 meters or more), the 

detection performance level of 1 indicates that the 
maximum detection distance is deteriorated (e.g. 
between 40 to 120 meters) and the detection performance 
20 level of 0 indicates that the maximum detection 

distance is very deteriorated (e.g. between 0 to 40 
meters) . 

The table shown in Fig. 2 represents that 
when the detection performance level is 2, all 
25 functions of the ACC control, the tracking- upon- 

congestion control, the headway distance alarm and the 
collision reduction control can be operated. Further, 
when the detection performance level is 1, only the ACC 



control is prohibited to be operated and when the 
detection performance level is 0, the ACC control and 
the tracking-upon-congestion are prohibited to be 
operated. That is, the headway distance alarm and the 
collision reduction control are operated in all levels 
even when the detection performance of the radar 
apparatus is reduced. 

Referring now to Fig. 3, the method of 
detecting the detection performance level by the 
detection performance level judgment unit 2 is 
described. The radar cross section (RCS) is a scale 
indicative of a reflection factor of an obstruction and 
can be calculated by a radar equation (2) . However, 
since a received power Pr is inversely proportional to 
the fourth power of a distance R (PrxR -4 ) , Rr Xr 4 is 
always constant for the same obstruction and a 
calculated RCS value o is also constant. 

a = KXprXR 4 ... (2) 

a: calculated RCS value 

K: characteristic value (fixed value) of 
radar apparatus 

Pr: received power 

R: distance between radar device and 
obstruction 

When the detection performance is reduced due 
to a heavy rain or dirt attached, the received power Pr 



for the same distance R is reduced and accordingly the 
calculated RCS value a is also calculated to be small. 
A reduced value of the calculated RCS value can be 
detected to thereby calculate the detection performance 
of the obstruction detection unit 1. 

Fig. 3 shows calculated RCS values of a 
vehicle and a distribution thereof. The left of Fig. 3 
shows an example of calculated RCS values for a vehicle 
calculated actually. 

In this connection, it is considered that 
there are several reasons that downward spikes appear 
in the graph shown in the left of Fig. 3. 

One of the reasons is the problem of 
multipath that a signal reflected directly by the 
preceding vehicle and a signal containing reflection by 
a road interfere with each other when the radar detects 
the vehicle. In addition, reflection by a wall of an 
expressway, an inner wall of a tunnel, vehicles 
existing on the periphery and the like is considered. 

Further, the reflection factor of the radar 
is sometimes changed because of a vehicle squeezing 
before host vehicle to thereby reduce an amount of 
information received or the direction of a target (e.g. 
a preceding vehicle) is sometimes changed to thereby 
reduce an amount of information received. 

The right of Fig. 3 shows a distribution of 
frequency of the calculated RCS values a shown in the 
left thereof. When the detection performance of the 



obstruction detection unit 1 is normal, the calculated 
RCS values of vehicle are distributed to be 
concentrated near Sm as shown by solid line of Fig. 3 
(o ~ Sm) . However, Sm is a fixed value previously 
measured when the detection performance is normal. Sm 
can be set as a statistic such as, for example, an 
average value, a center of gravity and a mode. 

Similarly, when the detection performance of 
the obstruction detection unit' 1 is reduced, the 
calculated RCS values a of vehicle are distributed to 
be concentrated near Sx smaller than Sm as shown by 
dotted line of Fig. 3. Accordingly, a center position 
Sx of the calculated RCS values distributed can be 
calculated to be compared with Sm, so that the 
detection performance of the obstruction detection unit 
1 can be detected. 

Fig. 4 shows a relation of the calculated Sx 
and the detection performance level. The detection 
performance level is calculated in accordance with this 
table. That is, when a-Sm>0 [db] , the maximum 
detection distance is judged to be normal (e.g. 120 m 
or more) since the detection performance is not reduced 
and the detection performance level is set to 2. 
Further, when -19<a-Sm<0 [db] , the maximum detection 
distance is judged to be deteriorated (e.g. 40 to 120 
m) and the detection performance level is set to 1. 
When o-Sm<-19 [db] , the maximum detection distance is 
judged to be very deteriorated (e.g. 40 m or less) and 



the detection performance level is set to 0. 

Figs. 5 and 6 show a processing flow 
described above. In step S101, the radar apparatus 
mounted in a vehicle is used to detect an obstruction 
existing in front of the vehicle. Next, in order to 
judge whether the detected obstruction is a vehicle or 
not, a moving speed of the obstruction is calculated to 
judge whether the moving speed is larger than or equal 
to a predetermined value Vc. 

When the moving speed is larger than the 
predetermined value Vc, the obstruction is judged to be 
a vehicle and the processing procedure proceeds to 
S103. Further, when the moving speed is smaller than 
or equal to the predetermined value Vc, the processing 
procedure skips the processing of judging the detection 
performance level and proceeds to S110. 

In step S103, an RCS value a is calculated 
from a received power for the vehicle and a headway 
distance and an average value <j ave of the RCS value is 
calculated in S104. In S105, the RCS average value a ave 
is compared with S 2 and when the RCS average value cr ave 
is larger than S ir the detection performance level is 
judged to be 2 . Further, when the RCS average value is 
smaller than or equal to S lf the processing procedure 
proceeds to SI 0 6 and the RCS average value a ave is 
compared with S 2 . When the RCS average value cr ave is 
larger than S2, the detection performance level is 
judged to be 1 and when it is not larger than S 2 , the 



detection performance level is judged to be 0. 

Next, the detection performance level 
calculated is used to judge whether the ACC control is 
stopped or not in S110. When the detection performance 
level is 2, the processing procedure proceeds to S114 
and operation of the ACC control is allowed. When it 
is not 2, the processing procedure proceeds to Sill and 
an alarm for reporting that the detection performance 
is reduced and the ACC control is stopped is given by 
means of sound or light (Sill) . Similarly, it is 
judged whether the tracking-upon-congestion control is 
stopped in S112. When the detection performance level 
is larger than or equal to 1, the processing procedure 
proceeds to S115 and operation of the tracking-upon- 
congestion control is allowed. When it is not larger 
than or equal to 1, the processing procedure proceeds 
to S113, in which an alarm for reporting that the 
detection performance is reduced and the tracking-upon- 
congestion control is stopped is given by means of 
sound or light (S113) and the processing procedure 
proceeds to S116. Operation of the headway distance 
alarm in S116 and the collision reduction control in 
S117 is performed regardless of the detection 
performance level. 

Fig. 7 shows a next embodiment. The 
obstruction detection unit 1 is used to calculate a 
distance at which an approaching obstruction begins to 
be detected or a distance at which an obstruction going 



away begins to be missed and the maximum detection 
distance detection unit 11 uses the distance to 
calculate a maximum detection distance of the 
obstruction detection unit 1. Its processing flow is 
shown in Fig. 9. 

First, an obstruction is detected in step 
S2 01 and it is judged whether the obstruction is a 
newly detected obstruction or not in S202. When it is 
the newly detected obstruction, a distance to the 
obstruction is regarded as a maximum detection distance 
in S203 while when it is an already detected 
obstruction, the processing procedure jumps to S204. 

In S204, it is judged whether the already 
detected obstruction is missed or not. When the 
already detected obstruction is not coincident with the 
obstruction detected this time, it is judged that the 
obstruction is missed in S205 and the processing 
procedure proceeds to S206, in which the distance at 
which the obstruction is missed is regarded as the 
maximum detection distance. Further, when it is 
coincident, it is judged that the obstruction is being 
detected and processing procedure proceeds to S207, in 
which the maximum detection distance is used to 
calculate its average value. The calculated average 
value of the maximum detection distance is used to 
decide the detection performance level as shown in Fig. 
2. 

Fig. 8 shows a next embodiment. The 



obstruction detection unit 1, the detection performance 
level judgment unit 2 and an external output unit 13 
may be included in the radar apparatus 12 to thereby 
output the detection performance level classified into 
the plurality of levels outside of the radar apparatus 
12. 

In the embodiment, the detection performance 
level is divided into three levels, while it may be 
divided two or four levels. 

According to the present invention, the 
detection performance level of the radar apparatus is 
detected and even when the detection performance level 
is reduced, control of vehicle and operation control of 
the alarm controller are made individually so that the 
detection information of the radar apparatus can be 
utilized at the maximum and accordingly the safety can 
be improved. 

Further, the operation stopped state of 
vehicle control or alarm control can be notified to the 
driver to thereby enhance the safety of the system. 

In addition, the RCS value of the moving body 
detected can be used to detect the detection 
performance of the radar apparatus, so that the 
detection performance can be detected automatically. 

Moreover, the maximum detection distance of 
the detected moving body or stationary object can be 
used to detect the detection performance of the radar 
apparatus, so that the detection performance can be 
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detected automatically. 

Further, the detection performance level of 
the radar apparatus can be outputted outside, so that 
the external controller can judge to stop operation 
individually. 

It should be further understood by those 
skilled in the art that the foregoing description has 
been made on embodiments of the invention and that 
various changes and modifications may be made in the 
invention without departing from the spirit of the 
invention and the scope of the appended claims. 



